Nonalcoholic fatty liver disease (NAFLD) occurs in 20-30% of Americans and is the most prevalent form of liver disease (1, 2) . NAFLD is commonly linked to hepatic and whole-body insulin resistance and, in some individuals NAFLD can lead to steatohepatitis, cirrhosis, and cancer (3) . The selective hepatic insulin resistance that typically accompanies NAFLD results in increased hepatic glucose production, hepatic lipogenesis, and very lowdensity lipoprotein (VLDL) secretion, thereby contributing to the hyperglycemia and triglyceridemia observed in insulin-resistant and type 2 diabetic subjects. Despite their close association, NAFLD and insulin resistance can be uncoupled, suggesting that not all NAFLD is the same (4).
Although dietary and environmental factors have a large influence, genetics alone or in combination with external factors also influence NAFLD etiology. A point mutation in PNPLA3 (also known as adiponutrin) is prevalent in ;20-50% of people depending upon ethnicity and is the single best genetic predictor of NAFLD (5) . A recent meta-analysis of nearly 3,000 subjects showed that carriers of the I148M mutant have 73% higher liver triacylglycerol (TAG) content compared with those with the normal I148I allele (6) . In addition, the I148M variant has been associated with complications or progression of NAFLD, including development of nonalcoholic steatohepatitis, alcoholic liver disease and its progression to cirrhosis, and the severity of hepatitis C-induced steatosis (7) . Despite its important role in NAFLD etiology, the physiological function of wild-type and variant PNPLA3 remains under intense debate. PNPLA3 was first characterized as a lipase with preference toward TAG, and the I148M loss-of-function mutation causes steatosis by reducing TAG breakdown (8) . The confusion perhaps started when PNPLA3 knockout mice were observed to have no overt phenotype (9, 10) . In contrast to a catabolic role of PNPLA3, a study by Zechner and colleagues (11) showed that PNPLA3 is a lysophosphatidic acid acyltransferase and the I148M mutation causes a gain in function to promote TAG synthesis. There are additional studies supporting each of these lines of thought; thus, researchers are largely divided on the exact role of PNPLA3.
In this issue, Hyysalo et al. (12) investigated how obesity, PNPLA3 variant expression, and NAFLD influence circulating TAG content and composition. The authors found that subjects expressing the variant PNPLA3 tended to have lower circulating TAG concentrations, which is in line with previous work demonstrating that PNPLA3 I148M decreases VLDL secretion (13) . However, expression of the variant was associated with decreased saturated and monounsaturated fatty acids in circulating TAG (Fig. 1) . Previous studies show that mice overexpressing the PNPLA3 variant have elevated 16:1 and 18:1 fatty acids in liver TAG, consistent with PNPLA3's preference to hydrolize monounsaturated fatty acids (14) . Approximately 70% of fatty acids are esterified and stored in cytosolic lipid droplets prior to their hydrolysis and re-esterification into TAG destined for VLDL secretion (15) . Thus, the composition of VLDL-TAG should largely mirror that of liver TAG. When taken together, the authors suggest that the data support a lipolytic role for PNPLA3, whereby reduced activity due to the mutation results in monounsaturated fatty acids accumulating in hepatic TAG and a subsequent reduction in their secretion. Indeed, this is a logical conclusion and the lipolytic role of PNPLA3 may have contributed to these findings.
However, one must also consider that the anabolic function of PNPLA3 could also contribute to the observed changes in serum TAG composition. PNPLA3 is highly regulated by factors that stimulate lipogenesis, such as refeeding, high-carbohydrate diet, carbohydrateresponsive element-binding protein, and sterol regulatory element-binding protein-1c, and in vitro and in vivo studies provide evidence for a role of PNPLA3 I148M in de novo lipogenesis (11, 14) . In support of this concept, dietary carbohydrate content is correlated with liver fat content in humans with the PNPLA3 I148M variant, but not in subjects heterozygous for the variant or expressing the normal allele (16) . It is known that fatty acids generated from de novo lipogenesis are not secreted at the same rate as fatty acids derived exogenously, suggesting that different pools of fatty acids may exist (17) . For example, 16:1 or 18:1 derived from de novo lipogenesis may be esterified into a specific position of TAG or a different pool of lipid droplets that make them less likely to be secreted. Thus, the contribution of the lysophosphatidic acid acyltransferase activity of PNPLA3 cannot be ruled out as a contributor to altered serum TAG composition. It is also quite possible that PNPLA3 has more than one physiological function-surely, this would not be the first bifunctional enzyme.
Despite its association with NAFLD and the tight association between NAFLD and hepatic insulin resistance, most studies do not demonstrate any relationship between the PNPLA3 variant and insulin resistance (18, 19) , suggesting that the PNPLA3 variant could, at least in part, explain why some fatty livers are not associated with impaired insulin signaling. Hyysalo et al. (12) demonstrates that serum TAG composition differs greatly between subjects with NAFLD that are obese and lean individuals with liver steatosis that express the PNPLA3 variant. Serum TAG in the NAFLD subjects with the PNPLA3 variant had less saturated and monounsaturated fatty acids and more longer-chain polyunsaturated fatty acids compared with obese NAFLD subjects. The data, consistent with prior studies, point toward significant differences in hepatic fatty acid metabolism and secretion between these two NAFLD subtypes. The authors attribute these differences to the fact that the PNPLA3 variant is not associated with insulin resistance, whereas the NAFLD associated with obesity is typically linked to insulin resistance. Previous studies have shown a positive association between saturated and monounsaturated fatty acid content of serum TAG and insulin resistance, whereas longer-chain polyunsaturated fatty acids are negatively associated with insulin resistance (19, 20) . Thus, expression of the PNPLA3 variant results in a lipid profile that would be expected to promote insulin sensitivity. The data clearly point to the complexity of linking NAFLD to insulin resistance, but also highlights the utility of the PNPLA3 variant as 
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Mashek and Greenberga model to help us further understand the etiology of hepatic insulin resistance. In summary, Hyysalo et al. (12) highlight the importance of genetic (PNPLA3) and environmental (obesity) factors that more adequately define NAFLD. The data strengthen the concept that not all NAFLD is created equal, which is an important factor to consider as we strive to design and tailor therapies to treat NAFLD and its complications.
